• AIM: To describe the involution patterns of vessel growth of retina through fluorescein angiography (FA) of children, who had been under treatment up to 1y previously intravitreal ranibizumab (IVR) as monotherapy for retinopathy of prematurity (ROP).
INTRODUCTION

R
etinopathy of prematurity (ROP), which currently represent about 10% of all births worldwide, is a vasoproliferative ROP [1] [2] [3] . With the premature survival rate improved, more infants are at risk for ROP worldwide, especially in developing countries [4] . Photocoagulation have been the gold standards of therapy for the first line treatment of ROP, which can induce the regression of neovascularization by ablating avascular retina areas and depress the overproduction of vascular endothelial growth factor (VEGF) in the retina. Nevertheless, this treatment could cause complications, such as high myopia and visual field defect [5] [6] [7] [8] . Recently, intravitreal bevacizumab (IVB) has been shown to be significantly less treatment requiring recurrences than photocoagulation in the BEATROP trial [9] , that showed the cure rate only once for disease in zone I alone is 94% and disease in zone II posterior alone is 95%, and vascularization after the therapy is finished in 19.5wk. And then, Zhao et al [10] also exhibited a total of 266 eyes (94.0%) after intravitreal ranibizumab (IVR) as primary treatment were positive response in China. However, in a recent study, compared with laser-treated eyes, anti-VEGF-treated eyes showed more vascular abnormalities and macular lesion [11] . Moreover, abnormal vascular patterns and large peripheral avascular areas may occur after anti-VEGF treatment for ROP [12] . In this research, we describe the involution patterns of vessel growth of retina of fluorescein angiography (FA) performed on 17 children (34 eyes), who had been under treatment up to 1y previously with IVR as monotherapy for ROP. We have assessed the involution patterns of retinal vessel growth after IVR.
SUBJECTS AND METHODS
Ethical Approval
We performed a retrospective analysis. The Peking University People's Hospital (Beijing, China) Ethics Committee approved this study, and Written informed consent was obtained from parents, who were apprised that intravitreal injection of ranibizumab is an off-label therapy for ROP. The children who visited People's Hospital of Peking University in from March 2015 to June 2016 were included in this research. Totally 83 children (154 eyes) who were consecutively treated for type 1 ROP and aggressive posterior ROP (APROP) and followed-up until nearly 90wk postmenstrual age were included. During the follow-up, we found 120 eyes retinal vascularization were completed or avascular retina area less than 2 disc diameters (DD) from the ora serrata. Our study included 17 children (34 eyes), the rest of them, whose area of avascular retina from the ora serrata was more than 2 DD. In every case, fundal examinations and treatments were taken by two experienced ophthalmologists (Cheng Y and Liang JH), who expertise in treatment for ROP. We classified our cases based on the International Committee for the Classification of ROP revisited [13] . Children with other disease except ROP, for example congenital cataract and glaucoma, and with a history of prior treatment for ROP were excluded. We defined success of treatment as structural outcomes, including regression of neovascularization and plus disease, and normal retinal vessels growing toward the peripheral retina. The recurrence of ROP was defined as the recurrence of new extraretinal fibrovascular proliferation, such as plus disease and ridge after their regression. According to the standard protocol as described in the BEAT-ROP, all infants were treated with IVR monotherapy [9] . Both initial treatment and second treatment for recurrence IVR treated for infants were the same dose (0.25 mg; 0.025 mL). children were reviewed at 24-48h after treatment and then examined every 1-2wk until regression of neovascularization and plus disease. The next follow-up examine were done weekly every four weeks, biweekly for the next eight weeks, and then monthly until 90wk postmenstrual age. RetCam photos were taken before treatment, 1wk after treatment, and every follow up.
FA was performed on infants, whose area of avascular retina from the ora serrata was more than 2 DD, to document the involution patterns of peripheral retinal vessel. FA was performed using A 10% solution of fluorescein intravenously injected at a dose of 0.1 ml/kg, followed by an isotonic saline flush [14] . None of systemic complications happened related to FA. Descriptive statistics was done using SAS for Windows software version 9.4, (SAS Institute, Cary, NC, USA) for means, standard deviations and standard error of the mean.
RESULTS
The average gestational age (GA) was 28.8±2.9 (25-36)wk, and respectively birth weights (BW) was 1123.4±312.2 (628-1900) g. The average postmenstrual age (PMA) at first treatment was 40.3±5.1 (33-53)wk. Of all 17 infants, twelve were female (35.3%) and eleven were male (64.7%). The IVR-FA interval with avascular retina of these eyes was ranging from 32 to 99wk (median 44wk). Four eyes were classified as zone I stage 2 with plus disease, ten eyes as zone II posterior stage 3 with plus disease, eighteen eyes as zone II stage 3 with plus disease, and two eyes APROP ( Table 1 ). None of ocular or systemic complications were found during the follow-up period. During long-term follow-up, we found after IVR treatment retinal vascularization completed or area of avascular retina from the ora serrata was less than DD were in 120 eyes (77.9%), while the rest of them, 34 eyes (22.1%), remained extensive areas of avascular retina from the ora serrata. Among 34 eyes, all were the presence of finger-shaped vessels and arteriolar-venular shunts (100%, 34/34 eyes; Figure 1A , 1C, Table 2 ). Popcorn abnormalities were found in most of the eyes (94.1%, 32/34 eyes) ( Figure 1A , Table 2 ). Furthermore, in many cases (23.5%, 8/34 eyes), there were leakage persisting in the region of the junction between avascular and vascular retina ( Figure 1B , Table 2 ). In contrast, just 2 eyes (5.9%) showed damage of retinal capillary bed and 3 eyes (8.8%) showed large area of RPE atrophy ( Figure 1D , Table 2 ). DISCUSSION Anti-VEGF is increasingly used in the management of ROP [15] [16] [17] , but some have reported abnormal vascular findings after anti-VEGF [18] [19] . There was creation of establishment of directional flow, small vessels, maturation of retinal vessels and adjustment of vascular density. In this research, we intended to estimate the extent of growth of peripheral retinal in the eyes with ROP that were treated up to 1y previously with IVR as monotherapy for ROP. FA was used to strictly estimate the involution patterns of retinal vessel growth in these eyes. The normal extent of peripheral retinal non-perfusion was evaluated by Blair et al [20] in normal infants at every postnatal ages. They concluded, conservatively, area of avascular retina from the ora serrata was more than 2 DD should be affirmed abnormal. The result was helpful to document the involution patterns of vessel growth of retina when screening infants with ROP using FA. Among the 154 eyes who were consecutively treated for aggressive posterior ROP (APROP) and Type 1 ROP and followed-up until nearly 90wk postmenstrual age, we found 120 eyes retinal vascularization were completed or avascular retina from the ora serrata extending less than two DD. Therefore, the retina of peripheral area remained incomplete vascularization in 34 (22.1%) of the eyes. This result is consistent with the findings of Alyamaç et al's study [21] . They found 18% of the infants in bevacizumab treatment and 26% of the infants in ranibizumab had remaining avascular areas at 1y old. However, Tahija et al [22] reported that about 55% of the eyes with ROP treated with IVB had not achieved normal retinal vascularization. We thought the difference on the percentage of incomplete retinal vascularization was that their study contained more APROP (7/11 eyes).
FFA of vascular involution after IVR for ROP
Of all 34 eyes, we found all were the presence of finger-shaped vessels and arteriolar-venular shunts (100%, 34/34 eyes). Popcorn abnormalities were found in most of the eyes (94.1%, 32/34 eyes). What's more, in many cases (23.5%, 8/34 eyes), there were leakage persisting in the region of the junction between avascular and vascular retina. Wallance et al [18] also reported among the 20 eyes with ROP treated by bevacizumab available at 4y old, there were noted vessel leakage in 65% eyes. Both vascular tangles and abnormal vessel branching persist in more than 80%. In contrast to the 19 laser-treated eyes, leakage was persisted in one eye, tangles and shunts were persisted in three eyes. Whether the prevalence of abnormalities may be related to therapy of anti-VEGF, more related research is needed to confirm the mechanism. Only 2 eyes (5.9%) showed loss of retinal capillary bed and 3 eyes (8.8%) showed large area of RPE atrophy. It may be related to severity of disease. These eyes are zone I ROP and APROP. This study was limited by small sample size and retrospective design. Nonetheless, our study demonstrates that although IVR can be very effective in ROP, we should remain cautious as infants may remain avascular peripheral retinas and abnormal vessel. Careful examination using FA allows accurate visualization of vessel abnormalities, which are not obvious based on the appearance of the fundus using the indirect ophthalmoscope or digital fundus photographs. Therefore, additional modalities such as FA, to describe abnormalities in eyes with ROP will be helpful to affect assessment of disease activity and therapeutic effect.
